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Background: The treatment of Rockwood Grade-III acromioclavicular (AC) joint separation has been widely disputed
since the introduction of the classiﬁcation system. The present literature does not reach consensus on whether operative
or nonoperative management is more advantageous, nor does it effectively distinguish between operative measures. We
hypothesized that nonoperative treatment of Rockwood Grade-III AC joint separation would be more cost-effective when
compared with surgical options.
Methods: We created a decision-tree model outlining the treatment of Rockwood Grade-III separations using nonoperative management or hook-plate, suture-button, or allograft ﬁxation. After nonoperative intervention, the possible outcomes predicted by the model were uneventful healing, delayed operative management, a second round of sling use and
physical therapy, or no reduction and no action; and after operative intervention, the possible outcomes were uneventful
healing, loss of reduction and revision, and depending on the implant, loss of reduction and no action, or removal of the
implant. A systematic review was conducted, and probabilities of each model state were averaged. A cost-effectiveness
analysis was conducted both through rollback analysis yielding net monetary beneﬁt and through incremental costeffectiveness ratios (ICERs). Thresholds of $50,000/quality-adjusted life-year (QALY) and $100,000/QALY were used for
ICER analysis. Furthermore, a sensitivity analysis was utilized to determine whether differential probabilities could impact
the model.
Results: Forty-ﬁve papers were selected from a potential 768 papers identiﬁed through our literature review. Nonoperative treatment was used as our reference case and showed dominance over all 3 of the operative measures at both the
$50,000 and $100,000 ICER thresholds. Nonoperative treatment also showed the greatest net monetary beneﬁt.
Nonoperative management yielded the lowest total cost ($6,060) and greatest utility (0.95 QALY). Sensitivity analysis
showed that allograft ﬁxation became the favored technique at a willingness-to-pay threshold of $50,000 if the rate of
failure of nonoperative treatment rose to 14.6%. Similarly, at the $100,000 threshold, allograft became dominant if the
probability of failure of nonoperative treatment rose to 22.8%.
Conclusions: The cost-effectiveness of nonoperative treatment is fueled by its notably lower costs and overall high rates
of success in Grade-III separations. It is important to note that, in our analysis, the societal cost (measured in lost
productivity) of nonoperative treatment neared that of surgical treatment, but the cost from the health-care system
perspective was minimal. Physicians should bear in mind the sensitivity of these conclusions and should consider costeffectiveness analyses in their decision-making guidelines.
Level of Evidence: Economic and Decision Analysis Level IV. See Instructions for Authors for a complete description of
levels of evidence.

T

he choice to treat Rockwood Grade-III acromioclavicular (AC) joint separation nonsurgically or surgically
remains controversial. A Grade-III injury is a distal

clavicular injury involving a rupture of both the AC and coracoclavicular (CC) ligaments, accompanied by a CC distance
increase of 25% to 100%1. This injury typically occurs in young
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male athletes through direct force to the acromion with the
shoulder adducted or indirect force from falling on an outstretched arm2,3. Grade III is 1 of 6 types of distal AC joint
injuries. Rockwood Grade-I and II injuries are minor and treated
nonoperatively with a shoulder sling, while Rockwood Grade-IV
through VI injuries are more serious and treated surgically.
As for treating Grade-III dislocations, patients and surgeons are left to choose on the basis of preference, level of activity,
and age2. Nonoperative approaches reduce complications, but
some patients are left with a cosmetic deformity, residual pain, or
chronic subluxation, as the distal part of the clavicle is typically
not reduced to an anatomic distance2,4. Surgical approaches have
much higher rates of complications, necessitating revision, and
have not been shown to produce signiﬁcantly better shoulder
function4. There are many AC joint ﬁxation techniques, including
the use of hook plates, suture buttons, and allograft implants.
Suture buttons have gained much attention in recent years
because of lower rates of complications and revision surgeries
when compared with the use of hook plates5,6.
The concept of value-based care may provide a solution in
guiding a physician’s and patient’s decision to pursue operative or
nonoperative treatment of Rockwood Grade-III AC joint separations. In the U.S., Medicare, Medicaid, and some private providers
are already rewarding better outcomes for lower costs in bundled
packages, including total hip and knee replacements7,8. The purpose of the present study was to develop a decision-tree model to
analyze nonoperative, hook-plate, suture-button, and allograft

intervention costs, outcomes, and complications. We conducted a
cost-effectiveness analysis of treatment options and aggregated
total costs for comparison. Our hypothesis was that nonoperative
treatment of Rockwood Grade-III AC joint separation would be
more cost-effective when compared with surgical options: hookplate ﬁxation, suture-button ﬁxation, or repair with allograft.
Materials and Methods
Study Design
his study was exempt from institutional review board
approval. All analyses were conducted in accordance with
Second Panel on Cost-Effectiveness in Health and Medicine
guidelines9. The reference case consisted of healthy patients
between the ages of 20 and 39 years, as determined through
epidemiological studies10, who underwent operative repair of
Rockwood Grade-III AC joint separations.

T

Decision Model
We created a decision-tree model detailing the treatment of
Rockwood Grade-III AC joint separation. We evaluated nonoperative treatment, which consisted of immobilization (sling
therapy) and physical therapy, as well as the following operative
measures: hook-plate ﬁxation, suture-button ﬁxation, and
repair with allograft. All operative measures are assumed to also
have had similar physical therapy components. Each node of
the model is associated with a speciﬁc cost, in U.S. dollars, and a
utility adjustment (quality-adjusted life-years [QALYs]).

TABLE I Decision Model Transition-State Probability Inputs*
Transition State
Event

Mean Probability (%)

Probability Range (%)

References
24,26-39

Sling and physical therapy (PT)
Uneventful healing
Delayed operative management

2

92.1
1.8

58.8-100
0-25

Second-round sling and PT

4.3

0-41.2

No reduction and no action

1.8

0-4.0
6,31,40-53

Hook-plate ﬁxation
Uneventful healing

98.3

Loss of reduction and revision

1.7

83.3-100
0-16.7

Removal of implant

99.1

89.5-100
6,19,28,54-60

Suture-button ﬁxation
Uneventful healing

92.7

62.5-100

Loss of reduction and revision
Loss of reduction and no action

6.6
0.7

0-25.0
0-12.5
18,52,53,61-66

Allograft
Uneventful healing

98.4

Loss of reduction and revision

0.8

80.0-100
0-5.9

Loss of reduction and no action

0.8

0-25.0

*Transition-state probabilities utilized in the decision-tree model. The mean probability is derived from the weighted average of the individual event
probabilities from each of the included references. The probability range reﬂects the range of individual probabilities encountered in the included
literature.
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Fig. 1

Flowchart of the selection and elimination of studies from the literature review.

Event Probabilities
After nonoperative intervention, our model predicts the following possible outcomes: uneventful healing, delayed operative management, a second round of sling use and physical
therapy, or no reduction and no action. After operative intervention, the possible outcomes include uneventful healing, loss
of reduction and revision, and depending on the implant, loss
of reduction and no action, or removal of the implant. Outcome probabilities were calculated for each technique using
previous literature (Table I). Using a systematic review process,
we queried PubMed (see Appendix 1) utilizing general terms to
capture the widest range of Rockwood Grade-III-related articles from December 1, 1985, to December 1, 2019. This search

identiﬁed 768 abstracts. After inputting exclusion criteria, 89
full-text articles remained for review. After further screening of
the full-text articles, 45 articles meeting the criteria for calculating
outcome probabilities remained (see Appendix 2). Figure 1 presents a ﬂow diagram of the study’s literature review with inclusion
and exclusion criteria. Our model used weighted averages to
account for study-size variation when calculating outcome
probabilities for each group (Table I).
Costs
We calculated total allowable reimbursement by using Current
Procedural Terminology (CPT) codes to search the U.S. Centers for
Medicare & Medicaid Services (CMS) Physician Fee Schedule and
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TABLE II Decision Model Cost Inputs*
Initial Fixation
Cost Item

Hook
Plate

Suture
Button

Allograft

Complications
Nonoperative

Revision for Loss
of Reduction

Removal
of Implant

Health-care management ($)
Surgical center costs

2,803

2,803

3,822

108

2,803

994

Surgeon fees

598

598

688

227

598

649

Anesthesia fees

158

158

203

0

221

155

3,559

3,559

4,713

335

3,622

1,798

Total surgical costs
Societal
No. of wk of disutility

12

6

6

6

6

1

Cost of disutility/wk ($)

957

957

957

957

957

957

Total societal cost ($)
Total cost, baseline and societal ($)

11,484

5,742

5,742

5,742

5,742

957

15,043

9,301

10,455

6,077

9,364

2,755

*Costs are rounded to the nearest dollar. Cost inputs were calculated for each node of the decision model. In the decision-tree model, total costs
for secondary surgical procedures were added to the total costs already incurred by the index procedure.

Ambulatory Surgical Center Payment System11,12. For uneventful
healing of hook-plate and suture-button ﬁxation, CPT code 23550
was used, while 23552 was used for allograft treatment and 23540
was used for nonoperative treatment. Furthermore, 20680 was
used for implant removal. Anesthesia fees were calculated using
operative-time data gleaned from the previously detailed literature
search. To do this, operative minutes were divided by 15 to provide
base time units, and then these time units were added to the
anesthesia base units and multiplied by the 2020 national anesthesia conversion factor to provide the total allowable anesthesia
reimbursement13.
By adding anesthesia fees, surgeon fees, and CMS surgical center reimbursement, we arrived at the total procedure
cost, as shown in Table II. We excluded postoperative care
(physical therapy, occupational therapy, etc.) from our cost
inputs because of the similarities among treatment modalities. Suture-button, allograft, and nonoperative interventions,
along with revision surgery, were assigned 6 weeks of disutility
due to lost productivity. One week was assigned for implant
removal, and 12 weeks were assigned to hook-plate intervention because of the nature of healing after implant

removal. Lost-productivity time intervals were estimated on
the basis of return to work not necessitating labor-intensive
duties. Median income values sourced from the U.S. Bureau of
Labor Statistics were used in conjunction with these time
intervals to estimate societal costs (Table II)14.
Utility and Effectiveness Estimation
Because of the scarcity of utility estimation in AC joint injury
research, we sought data on similarly treated injuries of the
clavicle for comparison. Open reduction and internal ﬁxation
(ORIF) of midshaft clavicular fractures was analyzed using the
randomized clinical trial Short Form Six-Dimension (SF-6D)
question set, which resulted in an estimated loss of 0.078 QALY
from a disutility over 3 months15. Similarly, another study
investigated QALY loss for a host of injuries using both the
standard QALY/DALY (disability-adjusted life-year) model
(SQM) and the annual proﬁle model (APM)16. Under “fracture
clavicula/scapula,” Haagsma et al. reported values of 0.054 and
0.050 for the 2 models16. We elected to use 0.078 as our value
for disutility after operative intervention and 0.052 (an average
of 0.054 and 0.050) as our disutility value for nonoperative

TABLE III Net Monetary Beneﬁt (NMB) for Each Intervention Modality, by Perspective*
Societal Perspective

Health-Care System Perspective

Total Combined Perspective

Nonoperative

41,578

46,798

41,157

Hook plate

31,572

37,720

26,159

Suture button

40,333

42,170

36,535

Allograft

40,755

41,342

36,013

*Values are represented in dollars. Costs are rounded to the nearest dollar. Results were derived from the following NMB equation: effectiveness
· willingness-to-pay – cost.
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TABLE IV Results of Cost-Effectiveness Analysis for Baseline Models*
Net Cost ($)

Difference in Cost ($)

Effectiveness (QALY)

Difference in QALY

Hook plate
Suture button

5,372
3,798

14,952
13,378

0.86
0.91

–0.09
–0.04

Allograft

4,742

14,322

0.92

–0.03

420

Ref.

0.95

Ref.

Hook plate

11,520

16,192

0.86

–0.06

Dominated by AG

Suture button

5,635

1307

0.91

–0.01

Dominated by AG

ICER

Health-care perspective

Nonoperative

Dominated by NO
Dominated by NO
Dominated by NO
Ref.

Societal perspective

Allograft

5,328

Ref.

0.92

Ref.

Nonoperative

5,640

1312

0.95

10.03

Ref.
$13,751/QALY gained

Hook plate
Suture button

16,892
9,433

110,832
13,373

0.86
0.91

–0.09
–0.04

Dominated by NO
Dominated by NO

Allograft

10,070

14,010

0.92

–0.03

Nonoperative

6,060

Ref.

0.95

Ref.

Combined perspective

Dominated by NO
Ref.

*QALY = quality-adjusted life-year, ICER = incremental cost-effectiveness ratio, NO = nonoperative, and AG = allograft.

management. Revision surgery was assigned a QALY of the
index surgery (0.078) plus a loss of 0.04 to account for the
interim time between surgeries in which the patient experienced disutility from the loss of reduction. Implant removal
conferred a loss of QALYequal to 0.01, reﬂective of the minimal
impact on weeks of disutility.
We decided to assign all 4 interventions equivalent longterm health states because of the scarcity of data supporting one
mode of management of Rockwood Grade-III AC joint separation over another.
Cost-Effectiveness Analysis
The incremental cost-effectiveness ratio (ICER) is the ratio of
the difference in cost (dollars) to the difference in effectiveness (QALY) of a particular treatment modality when compared with another. Typically, after an ICER is generated,
thresholds are implemented to evaluate whether the gain in
utility is worth the added cost. These ICER thresholds are
most commonly set at $50,000 and $100,000. For example, a
hypothetical modality may present with a substantially higher
QALY than traditional intervention (10.10) but also substantially increased cost (1$15,000). While this hypothetical
treatment may be far more effective, it confers an ICER of
$150,000/QALY, which would be deemed too expensive by
society at both the $50,000 and $100,000 thresholds. For the
purpose of this study, both the $50,000 and $100,000
thresholds were evaluated in the ICER analysis, with nonoperative management as the reference strategy. Furthermore,
rollback analysis was also used to quantify the net monetary
beneﬁt. Net monetary beneﬁt (NMB) calculations are a
combination of willingness-to-pay (WTP), cost, and effectiveness (measured as NMB = effectiveness · WTP – cost)17.

To effectively estimate the total cost, we used societal
and health-care system perspectives. The health-care system
perspective included all surgeon fees, surgical center costs,
and anesthesia fees. The societal perspective was primarily a
measure of the cost of lost productivity. After the model was
created, we used a sensitivity analysis to evaluate the stability
throughout a range of values identiﬁed in the literature
search. The sensitivity analysis was carried out using the
societal and health-care perspectives separately as well as
combined. All analyses were performed using TreeAge Pro
(TreeAge Software).
Results
Rollback Analysis
o achieve a baseline understanding of the cost and utility of
each modality, a rollback analysis was conducted to yield a net
monetary beneﬁt, measured in dollars. Nonoperative management
displayed the greatest net monetary beneﬁt from the societal perspective ($41,578), the health-care system perspective ($46,798),
and the total combined perspective ($41,157). Table III outlines the
net monetary beneﬁt for each treatment modality, by perspective.

T

ICER Analysis
Using nonoperative treatment as our reference case, we saw
negative ICER values for all 3 operative interventions for both
the health-care and total combined perspectives. Negative
ICER values are a result of the treatment modality being
both costlier and less effective than the reference strategy.
Thus, in all 3 cases, the WTP thresholds of $50,000 and
$100,000 for hook-plate and suture-button ﬁxation were
not considered. In the societal perspective, allograft treatment was used as the reference modality as it yielded the
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lowest total cost. Here we saw nonoperative treatment as
being slightly costlier but also slightly more effective (ICER
value of 13,751), and thus, nonoperative management was
still preferred at both WTP thresholds. Nonoperative
management was once again dominant to both hook-plate
and suture-button interventions. All comparisons of
procedure costs, effectiveness, and ICER values are presented in Table IV.
Sensitivity Analysis
In order to determine whether our model was sensitive to changes
in event probabilities reported in the literature, a sensitivity analysis
was conducted. Nonoperative management largely remained the
favored treatment modality over the other 3 perspectives, except
for 2 circumstances: if the rate at which patients experienced
unsuccessful nonoperative treatment but then achieved successful
healing after a second round of physical therapy was increased, or if
the rate at which patients experienced unsuccessful nonoperative
treatment and proceeded to surgical intervention was increased. In
both circumstances, operative management using an allograft
became the favored intervention.
For the WTP threshold of $50,000, the rate of unsuccessful physical therapy followed by a second round of physical
therapy would have had to increase from 4.3% (average) to
14.6%. Similarly, the rate of unsuccessful physical therapy
followed by operative management would have had to increase
from a rate of 1.8% (average) to 9.3%.
For the WTP threshold of $100,000, the rate of unsuccessful physical therapy followed by a second round of physical
therapy would have had to increase from a rate of 4.3%
(average) to 22.8%. Similarly, the rate of unsuccessful physical
therapy followed by operative management would have had to
increase from a rate of 1.8% (average) to 15.0%.
Discussion
hen comparing nonoperative and operative interventions for Rockwood Grade-III AC joint separation,
nonoperative management dominated in cost-effectiveness terms.
Nonoperative treatment was the least expensive modality because
of minimal health-care system costs. Similarly, nonoperative
treatment was the most effective because of a larger decrease in
health utility after surgery, yet with relatively similar success rates.
Hook-plate intervention was, by far, the costliest of the 4
modalities because of the lengthened recovery time associated
with the temporary implant. The societal cost was double that of
the 3 other modalities, but there was not substantial utility gain
to offset this cost. In fact, hook-plate ﬁxation was associated with
the lowest assigned QALY by a margin of at least 0.05 units, and
these assessments are echoed by clinical data comparing the
modalities18,19. Suture buttons were similarly not cost-effective,
but this was because of the high rates of revision rather than their
societal cost. Allograft was the closest competitor to nonoperative management. Allograft treatment demonstrated both the
highest index surgery success rate and the lowest revision rate.
While similar to nonoperative treatment in societal cost, allograft treatment was much costlier to the health-care system.

W
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Because of disparities in event probabilities reported in the
literature, there are situations in which allograft treatment was
superior to nonoperative treatment, in a cost-effectiveness sense.
When the rates of nonoperative treatment failure increased, yet
remained well within the ranges reported in literature, allograft
treatment was shown to be more cost-effective. This is an important
ﬁnding to note, as a clinician may want to consider which patientcentric details may alter the probability of nonoperative success for a
particular patient. Guidelines suggesting which patients are deemed
more suitable for nonoperative management are currently lacking,
but clinicians may want to consider the patient’s previous experiences and successes with a physical therapy protocol before
suggesting nonoperative management. Similarly, as suggested by
Smith et al.20, physicians may have to weigh the cost-effectiveness
of nonoperative treatment with the chance of anatomic deformities that may hinder a patient’s profession, if said profession
involves carrying heavy weight on the shoulder.
While other studies have investigated cost-effectiveness
strategies in areas of the upper extremity, such as clavicular and
humeral fractures15,16,21-23, this is the ﬁrst study, to our knowledge, to
investigate the cost-effectiveness of the treatment of AC joint separation. Furthermore, our study went further to investigate the
most controversial grade of separation, Rockwood Grade III20,24, in
order to provide a guideline for clinicians when deciding whether to
proceed with operative or nonoperative management. The present
study included a sizable amount of literature detailing the outcomes
of Rockwood Grade-III treatment. The large bank of patients and
studies provides validity to the accuracy of the values used in our
analysis. Furthermore, because of the sample size, we were able to
test our model with a range of event probabilities, which we believe
lends further support to the strength of our ﬁndings.
Despite an extensive review of the literature, our study had
notable limitations. First, the difﬁculty of deﬁning subjective
utility scores such as QALYs is a limitation common to costeffective studies across the board. While acknowledging that
limitation, we emphasize that the QALY estimates presented here
were sourced from multiple external sources that all produced
reliably similar values15,16,21. Second, there is a noticeable lack of
literature reporting Rockwood Grade-III outcomes when compared with other Rockwood grades. This limitation cannot be
remedied by anything other than time and commitment from the
orthopaedic community to better investigate the proper treatment modality for this controversial topic. Last, our model was
based on averages at every junction (health system costs, societal
costs, QALYs), and thus it is entirely reasonable for a patient or
clinician to elect treatment against the suggestions presented
here. Our model was not all-inclusive and should not be taken as
doctrine at the level of individual patients but may be better used
as an overarching guideline.
Treatment of Rockwood Grade-III AC joint separation has
been the center of controversy since the adoption of Rockwood
grading25. Operative and nonoperative measures have proven
effective20, on average, at treating this injury, but to date, we are not
aware of any study that has provided a cost-effectiveness analysis on
the treatment modalities. In the present study, we found that
nonoperative treatment dominated operative management for

Rockwood Grade-III Acromioclavicular Joint Separation
JBJS Open Access

d

openaccess.jbjs.org

2021:e20.00171.

nearly every perspective. Clinicians should consider both the cost
beneﬁt and the utility beneﬁt of electing to proceed with nonoperative management when counseling patients with Rockwood
Grade-III AC joint separation.
Appendix
Supporting material provided by the authors is posted
with the online version of this article as a data supplement
at jbjs.org (http://links.lww.com/JBJSOA/A272). n
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